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Abstract 
 
Electronic publishing is one part of a much larger process. There is a research lifecycle from creation of a 
programme for funded research through research proposals, projects, outputs (including publications), 
exploitation (both for further scholarly work and for commercial or quality of life benefits) and creation of the 
next programme. Throughout this lifecycle information is the lifeblood; publications are used and created at all 
stages. The vision proposed brings together electronic research publications with associated datasets and 
software all contextualised by a CRIS (Current Research Information System) which provides information on 
projects, persons, organisational units, outputs (products, patents, publications), events, facilities, equipment and 
much more. Via the CRIS, research output can be linked to financial, project management and human resource 
data: indeed finally the cost of production of a publication can be compared against its benefit. Realising the 
vision requires advanced IT architectures including GRIDs and ambient computing. Against this vision current 
debates about subscription-based publishing and gold author-pays open access publishing, about grey literature 
and green open access self-archiving can be regarded with clarity and objectivity. The way ahead is clear: 
funders of research should mandate green self-archiving for the benefit of research and of the twin beneficial 
consequences: wealth creation and improvement in the quality of life. These benefits far outweigh any short-
term benefits from the publishing industry in profits or tax-take. There is still plenty of market opportunity for 
publishers and their doomsday predictions are unsustainable.  
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1 Maximising the Benefits from Research Output 
1.1 The Requirement 
1.1.1 Introduction 
Let us start with that which is required. This is detailed below by type of user (actor) and role but we can surely 
agree that the overall aim must be that research output causes wealth creation and / or improvement in the quality 
of life. It follows therefore that maximising these desirable properties requires maximum access to research 
output. Provision of maximum access has technical, legalistic and economic implications. It also requires a 
broader context to ensure the research output material is understood and used appropriately. 
1.1.2 The Actors 
The researcher requires access to find relevant pre-existing research output and to find possible research 
collaborators. The research manager requires access to check completeness of recorded outputs from her 
institution, to compare with that of other institutions and thus to develop strategy for her institution. The funding 
agency requires access to ensure defined outputs from the funded research proposal are delivered, to compare 
outputs with those from other funding agencies and to find appropriate referees. The policymaker requires access 
to compare outputs produced by different continents, countries, institutions and research teams. The innovator 
requires access to find new ideas which are exploitable for wealth creation or improvement in the quality of life. 
The educator requires access to obtain teaching material. The student requires access to use learning material. 
The media require access to obtain information that can be recast as ‘stories’ which popularise research or raise 
social, ethical, political or economic issues concerning the research for the public interest. 
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1.1.3 The Roles 
Any competent researcher before starting a new research idea will review the existing research output. The more 
complete and accessible this is to her, the better the review will be, nugatory effort will be avoided and a better 
(novel) idea will be formulated. A researcher working in one topic area may find an applicable and appropriate 
technique –such as an experimental protocol, or a computer program for simulation or statistical reduction - from 
another topic area. As a result of one of the above, or by an independent search, a researcher may find a potential 
collaborator or complementary co-worker for a research idea.  
One measure of a researcher capability is evaluation of produced output. The more complete and accessible 
outputs are, the better the quality of the evaluation. The metrics imposed on the raw data (i.e. how one ranks 
different publication channels such as journals) are a separate issue, but without complete and verifiable raw data 
evaluations are worthless. Similarly the performance of an organisational unit can be evaluated based on its 
outputs. Indeed, one could compare inputs (funding) with outputs as evaluated to obtain some idea of 
effectiveness and efficiency. 
One may wish to evaluate the literature in different topic areas of fields of research. This may inform strategic 
decisions on research funding, or areas of priority in a research institution. The literature provides a source of 
ideas, usually with associated research to demonstrate their potential use. This is a mine of information for the 
entrepreneur or innovator who wishes to invest venture capital to create products or services with associated 
wealth creation (jobs, profits for shareholders). 
Today’s teaching material is the research output of years ago. As the pace of learning increases, and the volume 
of research output increases, there is a need for faster and easier access to appropriate research literature by 
educators. Modern learning is more project-based and less ‘chalk and talk’. Students are encouraged to utilise 
technology to find relevant information.  
Journalists and other media professionals need easy access to research outputs in order to find interesting 
‘stories’ for popularising, to research (verify) the background to ‘urban myths’ about research and to find 
researchers suitable for appearing on TV programmes or writing articles. 
1.1.4 Conclusion 
We can conclude that all these actors, in the various example roles discussed, require easy (fast, efficient) access 
to research output material. Technically this implies the need for excellent descriptive metadata, fast searching of 
metadata, fast searching of text and multimedia and well-structured results. Furthermore access to heterogeneous 
distributed repositories should appear homogeneous and local to the end-user. This implies reconciliation to a 
canonical syntax (structure) and semantics (meaning) which in turn is likely to involve translation of character 
sets, language and ontological terms. Legalistically it requires unfettered access although restrictive metadata 
may document - for software to enforce - claimed rights which should be respected (like attribution) and even 
may define a price for access. Economically it requires a business model where costs are minimised (ideally zero 
as seen by the end-user), any income lies where the work is done and costs are borne where benefit is obtained. 
Furthermore, ideally the actors require the research output material in the context of research project, 
researchers, organizations involved, facilities and equipment, funding etc.  
1.2 A Scenario 
All the actors require access anytime, anyplace, anywhere (so-called martini computing) via any appropriate 
device. The access should be not only to local (job, role or personal) information but, with minimal effort, to the 
whole world of research information.  
A researcher should be able remotely to set up and control experiments (physical experimentation), take and 
visualise results, access relevant research literature, access datasets and analytical or simulation software (in-
silico experimentation) and create new publications (whether academic or project management reports or delive-
rables) with automated assistance. She should be able to complete research proposals with intelligent assistant 
software to fill in the standard form fields. She should be able to find suitable research partners in academia or 
industry. She should be able to utilise computation power, storage and network resources without knowing 
where they are – only knowing their capabilities are suitable for her task and respecting any restrictions con-
cerning rights acknowledgement or payment. She should also be able to do all the management/administrative 
tasks comfortably and efficiently within the same environment: completing time sheets, expense claims, 
purchase requisitions, travel plans etc. The management of research publications must lie comfortably within this 
environment.  
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Similarly research managers in research institutions or funding agencies should be able to gain quickly the ‘state 
of the world’ in any research area to compare their own organisation with others and thence plan appropriate 
strategies. This implies knowing what other funding agencies or research institutions have currently in terms of 
projects, persons, organisation units (e.g. research teams, departments), funding programmes, research outputs 
(products, patents, publications), events, facilities and equipment and so on. 
The point to be stressed is that research outputs are part of a much larger environment, all of which must be 
recorded and accessible for the end-user to appreciate the research output material. 
2 Technical Infrastructure 
2.1 Introduction 
The solution comes in several components: the e-Infrastructure provides the connectivity, computing power and 
software engineering environment for ease of access and ease of use. CRIS (Current Research Information 
Systems) provide structured information documenting the context of the research and providing structured 
metadata. OA repositories (of publications) provide the scholarly research output. e-Research repositories 
(research datasets and software) provide the detailed underpinning material of the research.  
2.2 e-Infrastructure 
Over the last few years it has become apparent that the e-infrastructure solution is based on GRIDs and SOA 
(service oriented architecture) [1, 2]. The original GRID idea provides metacomputing (linked supercomputers) 
[3]. The original WWW idea provides access to information but without computation. Bringing them together 
provides a user-invisible platform [4]. Adding self-* properties (self-management, self-composition, self-
repairing, self-tuning) [5] makes the platform effective and efficient. Utilising a SOA (Service-Oriented 
Architecture) based on discoverable reliable services (pieces of software that execute some function and can be 
composed into larger software structures to perform human-recognisable tasks) increases the reliability and 
decreases the software cost. The SOKU (Service-Oriented Knowledge Utility) concept [6] shows much promise: 
each SOKU would be wrapped in metadata to allow its discovery (descriptive metadata) and to control 
(parameterise) its execution in both functional (how it does what it does) and non-functional (under what 
conditions e.g. rights attribution, price) it does it, modes (restrictive metadata) (Figure 1). 
 
  
Figure 1: SOKU 
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The critical requirement for effective e-infrastructure has been recognised internationally. The 
‘cyberinfrastructure’ [7] in North America follows the work on e-infrastructure based on GEANT in Europe [8] 
itself partly stimulated by the requirements of research facilities [9]. Individual European countries, too, have 
invested in e-infrastructure; an example is e-Science (applications) utilising the national GRID service 
(middleware) itself based on JANET (network) in UK [10]. Similar initiatives have been taken elsewhere 
notably in Australasia, Japan, China, Singapore, India and also in South America. 
These e-infrastructures provide fast networking linking supercomputers, repositories and access to experimental 
facilities. They have schemes for identification, authentication and authorisation of usage. They have 
middleware to make the base resources invisible to the end-user and to optimize resource allocation. They are 
developing methods for homogeneous access to heterogeneous resources. 
To date the work has largely been academic. The IT companies have been involved in producing components of 
the solution; e.g. IBM has an autonomic computing product, ORACLE has a clustered database product. Univa 
[11] offers a commercialised version of the popular open source GLOBUS middleware. However, there are 
extensive developments underway in many IT companies to produce GRID/SOA-compatible products and some 
are even basing their future architectures on SOKU. 
The challenge posed is how to utilise this emerging e-infrastructure for benefit and specifically how to use it to 
make more accessible and available the research literature in a form appropriate for the actors performing their 
roles as outlined above. 
2.3 CRIS 
CRIS (Current Research Information Systems) have been developed over the last 40 years. Currently an EU 
Recommendation to member states, CERIF (Common European Research Information Format) is being adopted 
quite widely and it allows interoperation. A CRIS typically has information on projects, persons, organisational 
units, funding programmes, research outputs (products, patents, publications), facilities and equipment and 
events. The novelty of CERIF is its formal data structure, its use of linking relations to allow n:m relationships 
with role and temporal duration, its use of multiple character sets and provision of multilinguality.  
Consider the following case illustrated in (Figure 2)Fehler! Verweisquelle konnte nicht gefunden werden. : A 
person A is an employee of organisation O and a member of organisations M and N both of which are parts of O. 
She is author of X in which O claims the IPR (intellectual property right) and project leader of P. In CERIF the 
following records would be in base tables: Person: A; OrgUnit: O,M,N; Publication: X; Project: P. The link 
tables would be: Person-OrgUnit: A-employee-O, A-member-M, A-member-N; OrgUnit-OrgUnit: M-partof-O; 
N-partof-O; Person-Publication: A-author-X; OrgUnit-Publication: O-IPR-X; Person-Project: A-projectleader-P. 
In fact, the link tables include, as well as role, the temporal information concerning start and end date-time. In 
this example it may be that when A authored X she was no longer a member of M. This, relatively simple, 
example illustrates the power of CERIF as a data model.  
CERIF is maintained by the not-for-profit organisation euroCRIS (www.eurocris.org) from whence details are 
available. Commercial CRIS offerings are available from uniCRIS [12] which is fully CERIF-compatible, Atira 
[13], and Avedas [14]. Many funding agencies and research institutions have some form of ‘home-brew’ CRIS, 
the majority are more-or-less CERIF-compatible. The provision of CRIS in a modern e-infrastructure 
environment has been discussed in [15].  
2.4 Repositories 
Repositories store and provide access to the detailed information. It is usual to separate repositories of research 
publications from repositories of research datasets and software (e-Science or, better, e-Research repositories) 
because of their different access patterns and different metadata requirements. The e-Research repositories 
require much more detailed metadata to control utilisation of the software and datasets in addition to metadata to 
allow discovery of the resources. At present they tend to be specific to an individual organisation because of 
their novelty and the differing requirements on metadata imposed by different (commonly international) 
communities e.g. in space science, atmospheric physics, materials science, particle physics, humanities or social 
science. Publication repositories typically use some form of Dublin Core Metadata [16] and most are OAI-PMH 
(Open Access Initiative – Protocol for Metadata Harvesting) [17] compliant for interoperation and are indexed 
by Google Scholar. Example software systems are ePrints [18], Dspace [19], Fedora [20] and ePubs [21].  
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Figure 2: Example of CERIF 
2.5 Metadata and Curation 
Digitally-created articles rely heavily on both the metadata record and the articles themselves being deposited. 
International metadata standards and protocols must be applied to repositories so that retrieval may be consistent 
with appropriate recall (precision) and relevance so that harvesting (or homogeneous retrieval access) across 
repositories can take place. A model for formalising metadata [22] is required.  
The current DC metadata standards DC [16] and OAI-PMH [17] for interoperability are insufficient for scalable, 
automated retrieval with appropriate relevance (precision) and recall. DC is machine-readable but not machine-
understandable. One basic problem is that a formalised syntax and semantics (vocabulary) for each relevant DC 
element was not specified in ‘simple DC’ and has only partially been overcome by the use of namespaces in 
‘qualified DC’. A second problem concerns the element set tags ‘contributor’, ‘creator’ and ‘publisher’ which 
are actually roles of a person or organisational unit and should be represented by a relationship (between the 
article and the person or organisational unit) where the role value belongs to a namespace and is temporally 
limited . A third problem is the tag ‘relation’ which is extremely general; the real world is much better modelled 
through typed relations with role and temporal validity. Other problems include the tag ‘coverage’ which only 
recently has been separated into temporal and spatial aspects yet these are fundamental retrieval criteria for much 
material. A formalised version of DC overcoming these limitations has been suggested [23] and defined [24] to 
form also part of the CERIF model allowing tight integration with CRIS. Recently the DC community has 
recognised these problems and with more recent work [25, 26] is attempting to address them.  
To ensure that research output material is available for future generations, curation and preservation issues must 
be addressed. There is current work to define metadata standards to achieve this [27] but a major problem 
concerns maintaining the articles on current (i.e. usable) media.  
2.6 Integration 
The linking together at an institution of a ‘green’ OA repository of articles, a CRIS (to provide contextual 
information) and an OA repository of research datasets and software [28] (Figure 3) ensures that an institution 
can manage its IP for benefit whether that benefit is in innovation and investment, in educational resources, in 
stimulation of future research or in publicity. Furthermore, the formalised structure of the CRIS allows a reliable 
workflow to be engineered which in turn encourages deposit of research outputs. Such a system is being 
implemented progressively at STFC Rutherford Appleton Laboratory where the CERIF-CRIS is named the 
Corporate Data Repository, the OA repository is ePubs and the e-research repository is the e-Science repository. 
Linking together these institutional CRIS systems - which have a formal structure and hence can be interoperated 
reliably and in a scalable way [29] - provides a network of access to institutional OA repositories (of articles) or 
e-research repositories via the CERIF-CRIS gateways enhancing and controlling the access using the CERIF-
CRIS information as formalised, structured and contextual metadata which is more detailed than DC and suitable 
for intelligent (machine-understandable) interoperation (Figure 4). Interoperation of CERIF-CRIS has been 
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demonstrated, most recently for euroHORCS (European Heads of Research Councils) in October 2006. 
However, as yet, the whole architecture has not been demonstrated.  
 
Figure 3: Architecture for an Institution 
 
 
 
 
Figure 4: Architecture for OA 
3 Policy Framework 
3.1 Introduction 
The contentious area of discussion in this subject area is open access to research output publications. A brief 
overview is at [30]. We assume the conference attendees have a good knowledge of OA to distinguish the 
dimensions of the topic: ‘green’ and ‘gold’; thematic (central) and institutional (distributed); peer-reviewed or 
not. Furthermore we assume a general knowledge of the differences between white and grey literature. This 
section discusses motivations and barriers and then concentrates on the two major topics to overcome the 
barriers: metadata and mandates and finally concludes with speculations on the future. 
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3.2 Motivations 
Open Access (OA) means that electronic scholarly articles are available freely at the point of use. The subject 
has been discussed for over 10 years [31], but has reached a crescendo of discussion over the last few years with 
various declarations in favour of OA from groups of researchers or their representatives [32-35]. The UK House 
of Commons Science and Technology Committee [36] considered the issue in 2004, reporting in the summer in 
favour of OA. This indicates the importance of the issue, and led to statements from large research funding 
bodies such as the Wellcome Trust [37] and the Research Councils UK [38]. More recently the USA has 
attempted to move in this direction [39]. What has motivated this interest?  
Ethics: There is an ethical argument that research funded by the public should be available to the public. Since 
research is an international activity, this crosses national boundaries.  
Research Impact: The internet provides an opportunity. Modern harvesting techniques and search engines make 
it possible to discover publications of relevance if they are deposited in an OA repository with a particular 
metadata standard. If all authors did this then the world of research would be available ‘at the fingertips’. There 
is evidence that articles available in an OA repository have more accesses / downloads (readers), citations and 
therefore impact [40, 41]  
Costs and economic benefit: There is concern over the hindrance to research caused by the cost of journal 
subscriptions, whether electronic or paper. These costs run well above the rate of inflation with the result that 
libraries with restricted budgets (i.e. all of them!) are no longer providing many journals needed by researchers 
[42-44]. Estimates of the costs of ‘gold’ OA publishing indicate that for a productive institution these costs could 
exceed by a factor of 3 current subscription costs. Economic benefit of improved (open) access has been studied 
and ‘green’ OA is regarded as beneficial [45, 46]. 
Metrics: measures of utilisation of research publications are used for various statistical purposes – usually to 
indicate quality which may be used in evaluation to allocate research funding. Articles in an OA repository allow 
automation of such metrics including measures of impact and – most importantly – at the level of the article (not 
the channel) and evenly across all disciplines and language encodings in contradistinction to how ISI manages 
ranking. This aspect links with those of research impact and costs and economic benefit. 
Added value: articles in an OA repository can easily be linked to structured data contextualising the research 
(CRIS) [47, 48] and thence to repositories of research datasets and software [28].  
Just reward: There is also concern that in traditional scholarly publishing, most of the work (authoring, 
reviewing, editing) is done freely by the community and that the publishers make excessive profits from the 
actual publishing (making available) process.  
3.3 Barriers to OA 
Despite the positive motivations there are barriers to OA.  
Loss of publisher income: The major objection to ‘green’ self-archiving comes from publishers and learned 
societies in publisher role (many of which depend on subscriptions to their publications) who fear that ‘green’ 
OA threatens their business viability. To date there is no evidence that ‘green’ archiving harms the business 
model of publishing [49, 50]. There is evidence that ‘green’ archiving increases utilisation, citation and impact of 
a publication [51, 52] and has economic benefits [45, 46]. Whilst the major commercial publishers could provide 
additional value-added services to offset the impact of OA on current business models, the impact on learned 
societies may require new business models to be developed. 
Copyright: Copyright agreements between authors and publishers may inhibit the ‘green’ route. However, to 
date, over 90% of publication channels (the variability depends on exactly what is counted) allow ‘green’ author 
deposit although some insist on an embargo period before the publication is available for OA [53]. In contrast 
some publishers of journals – of which Nature is the most well-known – do not demand copyright from the 
author but merely a licence to publish, leaving copyright with the author or their institution. 
Difficulties in access and utilization: despite the Dublin Core metadata standard [16] and an interoperation 
protocol [17] there are difficulties in an end-user obtaining appropriate relevance (precision) and recall in 
retrieval – certainly when compared with a well-structured library catalog system using e.g. [54]. This indicates 
that the metadata is insufficient for the purpose. Similarly, if the end-user wishes easy access from the article to 
research context or associated research datasets and software this is currently extremely difficult. However, 
linking a repository of articles to a CRIS provides structured metadata which improves greatly relevance 
(precision) and recall and also provides a link through to e-research repository information. 
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Completeness: there is great difficulty in persuading researchers to deposit their material in OA repositories. 
Estimates indicate an 8-15% fill of OA repositories [55] although when a funding organization or institution 
applies a mandate this rises rapidly to 60%-90% eventually approaching 100% [56]. Additionally, an institution 
may – following the mandate – assist in automating the process with a workflow such that there is minimum 
(re)keying of metadata [57]. Again this works best if there is a CRIS with structured metadata. 
3.4 Mandates 
Both the EU [58] and the USA (proposed US Federal Research Public Access Act [39]) have moved towards 
mandating that output of publicly funded research should be OA. Neither has (as yet) enacted the mandate. For a 
summary see [59]. The EU went against the results of its own commission study possibly as a result of the 
‘Brussels Declaration’ from the STM (Science, Technology and Medicine) Publishing community [60] despite 
EURAB (EU Research Advisory Board) recommending green OA [61]. Various funding organisations have 
mandated open access for the outputs of research that they fund, based on the arguments in 3.2 above. The vast 
majority mandate ‘green’ OA (parallel self-archiving in an institutional repository) and some (Wellcome, 
Hughes) agree to fund in parallel ‘gold’ (author funder pays) with preferred publishers. More recently CERN (a 
research institution, not a funder) has proposed to go the ‘preferred publisher gold’ route [62]. This is surprising 
since CERN and the particle physics community pioneered ‘green’ OA with arXiv [63]. 
The preferred, optimal and recommended procedure is immediately upon acceptance for publication the 
metadata and full article are deposited in an institutional repository. If the publisher does not demand an 
embargo period both are set to open access; if an embargo period is demanded then only the metadata is made 
visible until the end of the embargo period. Of course, associated with the metadata record there can be (and 
ePrints [18] provides) a ‘request button’ so that the material can be sent automatically to any researcher who 
requests it under the usual ‘fair use’ conditions. 
3.5 Integration 
What is required now is for all funding agencies to mandate green OA in institutional repositories of research 
output articles, and for all research institutions to maintain such a repository linked to a CRIS and thence to a 
repository of research datasets and software. This would provide universal open access and allow researchers, 
research managers, innovators, policymakers, the media and others to access the research knowledge of the 
world easily, quickly and cheaply thus promoting wealth creation and improvement in the quality of life. 
Such a move will be resisted by the Learned Societies (acting as publishers) and the publishing industry for 
business reasons. There are two possible ways forward: (1) press ahead with ‘green’ OA ignoring the opposing 
interests (2) while pressing ahead with ‘green’ OA also engage in debate with the opposing interests to reassure 
them that there are business models including OA that can work. Stevan Harnad takes the first view and refutes 
all needless speculation (a position we admire but with which we cannot agree wholeheartedly); we take the 
second view with a more pragmatic attitude to securing OA for the future.  
Thus, there is a need for engagement with the Learned Societies to develop new methods of peer review which 
can be paid for in order to preserve those societies and the benefits they bring without requiring them to have a 
business model based on traditional publishing. 
Finally there is a need for engagement with traditional publishers to explore what value-added products they 
could produce harvesting from a rich world of OA repositories of publications cross-linked via CRISs with 
associated research datasets and software. 
4 The Way Forward 
In the world of advanced e-infrastructures the progress of research, with its concomitant benefits in wealth 
creation and improvement in the quality of life, cannot be hindered by obsolete information availability (i.e. 
commercial publishing) channels. 
4.1 Speculation: Future 
Looking to the future speculatively, it is possible to imagine ‘green’ OA repositories becoming commonplace 
and used heavily. At that point, we argue, one could change the business model so that an author deposits in an 
open access ‘green’ repository but instead of submitting in parallel to a journal or conference peer-review 
process, the peer-review is done either by: 
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a) a learned society managing a ‘college’ of experts and the reviewing process – for a fee paid by the 
institution of the author or the author; 
b) allowing annotation by any reader (with digital signature to ensure identification / authentication); 
in both cases being alerted by ‘push technology’ that a new article matching their interest profile has been 
deposited. 
The former peer-review mechanism would maintain learned societies in business, would still cost the institution 
of the author or the author but would probably be less expensive than publisher subscriptions or ‘gold’ (author or 
author institution pays) open access. The latter is much more adventurous and in the spirit of the internet; in a 
charming way it somehow recaptures the scholarly process of two centuries ago (initial draft, open discussion, 
revision and publication) in a modern world context. It is this possible future that is feared by commercial 
publishers. 
5 Conclusion 
Despite protests and obstacles to improved access to research material over the centuries from religious, 
commercial, professional or labour groups, none delayed for long progress to meet the requirement as defined by 
the research community. The advanced international e-infrastructure provides ‘martini computing’ and 
invisibility of resources to the end-user. It supports access to structured research information on projects, 
persons, organisational units, funding, research outputs (products, patents, publications), research facilities and 
equipment, events and more (CRIS). It supports repositories of articles and of research datasets and software. It 
supports access to experimental facilities and ‘computational steering’ of experiments whether physical or ‘in 
silico’. There is a new world of research capability. Electronic research output publications must take their place 
in this new world of accessibility and utilisation unhindered by outdated prejudices. This will lead to maximum 
use of - and benefits from - the research output for quality evaluation, for innovation, for further research, for 
education, for research management and planning and for informing public debate on research issues. 
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